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INTRODUCTION 
. ' 
. . ~ 
Plants poisonous to iivestock have cauaec! extensive losses to 
the livestock industry in man:, parts of the United States since 
the days ot early settlements. They still constitute a major 
economic problem in man:, areas. 
Fanners and other concerned with the production and feeding 
ot forage crops have long known that some plants may be poisonous 
to animals um.er certain conditions. Of the several species 'Which 
may cause such poisoning., the moist important forage types are Sudan-
grass (Sorghm sudaneDH (Piper) (Stapf.), Johnson grass (Sorghyn 
halepense (L) Pers.), arrl most 811 the varieties of Sorghums 
(Sorgln.Jn vulgare ~.). 
Sorghums contain a complex compound called gluoside which is 
nontoxic to livestock as long as the plant develpps normally. How-
ever, if t he plants are injured by drought, frost., mechanical means., 
or by sane abnomal growth condition, this glucoaide is broken dolffl 
by an enzyme in the plant.. One or the products or glucoside decom-
position is HCNl which my be toxic if present inp1ant material. 
eaten by ruminant animals. 
The chemist can explain the cause of the poisoning,. but present 
methods are inadequate when it comes to suggesting when the plants 
are safe and when they may be toxic. The various methods 
l. The term HCN' will be used in this report to designate 
synomous terms prussic acid and hyd.rocyanic acid. 
2 
of measuring the HCN content of plants are very laborious and re-
l 
quire several hours to reach a conclusion. 1 The better methods 
~ ..... ~- . 
require from 12 to 24 hours to determine the toxicity of plants, 
i 
and this length or time is sufficient to allow for enzyme changes 
which will al'ter ·the content sign~fioantly. It would be highly 
,. .; 
desirable to have a quantitative test which could be applied in 
the field to determine the: pre_s~nce of ·pru_ss~c ac:tid. 
The aorghums · are considered a very good feed but would occupy 
an even more impor'tant role in livestock feeding if their toxic 
properties could be eliminated. Much work has been done on this 
subject, but in spite of extensive study, the solution to the 
problem is still unaatisfactory. The development of a variety 
which is free ot or very low in HCN would alleviate the danger 
ot poisoning and establish sorghum as an even more valuable for-
age crop. 
The major purposes of this preliminary study were to check 
the picric acid test as a rapid method of determination of HCN. 
Also, it was to see it this test could be used in selection of 
sorghum varieties low or free ot HCN. 
REVI1'W OF LITERATURE 
The literature_ concerning HCN in sorghums is very broad and 
. - :-- . 
volumetric. For this reason the materials presented here have 
been grouped in order to discuss each factor of HCN poisoning 
separately. 
History .21: .llilli Discovecr 
In countries where sorghum is an important crop, it frequently 
has caused death of livestock when they were allowed to eat the 
plant material in the green state. MacDonald (25)2 reported in 
a general teaching outline that liberat ion of HCN by plants has 
been recognized for about 100 years. It was recognized by Hiltner 
(21) at the Nebraska station in 1900, t hat cattle ~~re poisoned 
by ea.ting green sorghum. However, this investigator made a chemical 
analysis of sorghum plants, from -a field kno'Wll to have killed cattle 
and found no HCN present. 
It was not until 1902 that t he presence of HCN in sorghun 
plants was discovered. Although Slade (35) suggested the possibility 
of such a poison in 1901, it was · not actually isolated from a sample 
' pl· " ,., 
of .fresh sorghum untµ. August, 1902. ~ 
Peters, Slade, and Avery (.31) continued ·the' work of Slade and 
in 1903 published a rather complete a~ o'f -the resul~s obta--:ined 
at the Nebraska experiment station. The findings of this work left 
little doubt that HCN:- was the direct cause of sorghum poisoning. 
2. Figures in parenthesis refer to "Literature Cited", p. 41 
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It was not determined until several years later that 1he 
poisonous property existed in other plants belonging to the 
sorghum group. Crawford (12) found it in Johnson grass in 1906, 
and Francis (16) of the Oklahoma Agricultural Experiment Station 
made determinations of the HCN in Sudangrass in 1915. Menaul 
and Dowell (27), also of the Oklahoma station, reported a study 
of oyanogensis in Sudangrass in 1919. 
Methods of Determinations 
A number of workers have published discussions on methods of 
determining HCN content in sorghums. Viehover and Johns (39), 
from work .on oyanogenetic plants using the Prussian blue method, 
concluded that it was necessary to detect snall quantities of 
HCN. Bishop (2) tested a number of methods , for determining HCN 
and concluded th!!,.t di.stillation led to unre;l.iable results but 
that alcohol extraction was a sound method for determining cyano-
genetic gluooside• in leaves. Francis and Connell (17) used 60 
gm. samples of green plant material, Hogg and Ahlgren (23) 0.15 
gm., and Swanson (37) 200 gm. when analyzing for HCN content. 
A rapid method based on the picric acid test for determining 
HCN in green tissues was proposed by Pethybridge (32) in 1919. 
The use of chloroform in the test was suggested by Miranda (28), 
~· . ,; • 1 ,· :i , .:. 
(acoording tb Hogg and Ahlgren (23)~ while Nowosad and MacVioar 
(30) later used ~luene. The procedure followed i .n this method 
,. . ' ' 
was tp place a email amount ·Of Ill8.Cerated: p1',nt material .in a test 
tube, then add a few drops of toluene or chloroform, and suspend 
above the sample a strip of moist filter paper saturated with 
sodium picrate aolution. The sodium picrate on the filter paper 
was reduced to a red colored compound by the HCN. 
Nowosad and MacVicar (30) extracted the pigment from the 
teat paper in 10 co. of distilled water and 1compared it with 
standard colors produced by known concentration of HCN and con-
eluded that the teat was sufficiently accurate quantitatively 
for the selection of ~lants low in HON. 
Inheritance Studies 
·, ' 
5 
Hogg and Ahlgren (25) studied th~ inh-~itance 0£ HCN in Sudan-
grass and teated 175 inbred lines tor HCN content in 1938. 1939. 
and 1940. The -results indicated that an inbred line high in HCN 
in any given year remains relatively high from year to year. and 
an inbred line low in HCN in any given year remains relatively 
low from year to year. By crossing plants with low HCN content. 
vigorous strains of Sugangrass uniformly low in HCN were developed. 
They ooncluded that the HCN content of Sudangraas is not controlled 
by a single pair ot genes. The HCN content ot F1 plants was inter-
mediate between that of the parents. The F2. populations of plants 
from crosses between parents low and high in HCN resulted in a dis-
tri bution extending to the limits of the pare.nts with no tendency 
to be bimodal. 
That HCN may be ·oontrolled by a genetic factor has been re-
ported by Franzke et al; (19). '.they concluded from the trequency 
distribution ot low and high pa~ental strains and from their first 
.. 
and second generations that inheritance of HCN is Mendelian. Low 
HCN appeared to be partially dominant over high HCN with a ratio 
of low:high not yet established. 
6 
,,r 
Colenan and aofertson (8) reported in progeny t.eats of Sudan-
grass that the differential ability to produce HCN my be inherited 
in inbred lines. In the lines studied, they found that high HCN 
production appeared to be more. closely assooia't;ed with non-glossy 
leaves th(Ln with, glossy leaves·. Similarly, high ·HCII content seemed 
~o be associated with purple-tipped seedling leaves, but to a 
leaser deg:ree. 
Form Found In Plants 
Peters, Slade, Avery (31), and Dowell (14) stated that the 
poison was usually not present in appreciable amounts as tree HCN 
but in the form of complex compounds called gluoosides. These 
must be broken down and the free HCN liberated before poisoning 
occurs. However, the gluoosides are readily broken down by an 
enzyme usually present in the plant. The cyanogenetio glucoside 
in aorghUlll8 ia called dhurrin, which, on hydrolosis in the presence 
of the enzyme, emulain, yields glucose, parahydroxybenzaldehyde, 
and HCN. 
Dunstan and Henry (15} believed that sorghum poisoning wa.a 
caused by the dhurrin and emulain coming together in the early 
processes of digestion when the enzyme, by the addition .of water · 
to the glucoaide, breaks the latter down and liberates the 
poi1onou1 HCN. Slade and Avery (35, 31) arri ved at practically 
the same conclusion while working independently and without know-
ledge of the findings of Dunstan and Henry in England. 
, Findings reported in later literature (28, 29, 22, 24) and those 
in Nebraska .. Oklahoma, and England agreed tha,t the acid existed 
in sorghums combined only in the form of a glucoside. Willaman (41) 
of the Minnesota station stated,. however, that HpN was found in sorghum 
both in the glucoside and a non-glucosidic form. 
That the non-poisonous form exists as a glucoside called dhurrin 
in sorghums is the most. e.c:(?~pted. theo17 • . The s9rghum benomes poisonous 
. ·'- .... ' 
only after an enzym~, ~sin, · acts ' on the ' gluc~side, liberating HCN as 
one of the products of decomposition. 
D[OW{ht 
The belief by farmers and ranchers that sorg~tDnS injured b;y drought 
and other adverse conditions are higher in toxic properties than those 
which have made normal growth has been shown to be true by several 
investigations. Willaman and West (42) found that the HCN content of 
plants grown under inadequate moisture conditions was higher than that 
of plants grown um.er optim\DII. moisture conditions. Frankzke et al. (HJ) 
presented data which showed that plants grown on soil with a low 
moisture content contained more than twice as much HCN as plants grown 
at a high moisture level. Hogg and Ahlgren (23) found that plants 
grown under drought conditions produced in the gI'.'eenhouse showed a steady 
increase in HCN as the moisture content of the soil decreased. Peters, 
Slade, and Avery (31) stated that growth arrested by drought presented 
_a favorable condition for the elaboration of the poison. Francis (16) 
also concluded that drought-stunted plants are especially dangerous. 
Vinall (40) surveyed the literature concerning HCN in sorghm and 
concluded that when sorghum was stunted by drought the HCN content 
increased. 
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Swanson (37) found. however. that HCN i-s more abundant in 
rapidly growing plants than in plants stunted by drought. Boyd 
(3) (according to Hogg and Ahlgren (23»also concluded that 
drought did not cause an increase in the amount of HCN present 
al though the pli,.nts . ~e~ined for longer pt1i"lod in the stage 
~ . . . . 
where they contained a high level of HCN. 
Frost 
..-;:.-
ffe According to Peters~ Slade. and Avery ~:Sl) frost does not in-
fluence the content of HCN. Franzke et al"i (19) also found that 
frost was not a direct cause of increase of HCN in sorgh_l.llil. Francis 
(16) stated that frosted plants are unsafe. Vinall (40) also con-
cluded that frost inoreaaed the HCN content. Heller (29) stated 
that young succulent plants were likely to be dangerous after a 
frost. Swanson (37) found when frosted Sudangrass contained a 
high content of HCN that the amount decrea~ed as the plants began 
to wilt and continued to decline until none was present when the 
plants were dry. 
Maturity 
Regarding the ef't.ect or na turi ty or age on the HCN of sorghum 
plants. there ia almost complete agreement among chemists as well 
as farmers that the percentage of HCN decreases from the time the 
plant begins growth until it ripens its seeds. Willaman and West 
(43. 42) presented data which was conclusive proof that HCN in 
sorghums decreased as the plants reached maturity. Peters. Slade. 
and Avery (31) found that young vigorous growing plants 
contained more HCN . than p~ants at maturity. A decrease in HCN 
in plants as growth progresses also was observed by Menual and 
Dowell (27). Hogg and Ahlgren (23) found that the HCN content 
ot the plant tissue decreas~d as it became older. Swanson (38). 
Boyd et: al'~ (4) ;' a.nd Franake et al~ '(19) \iav~ also rep_orted that 
young plants contain more HCN than do older plants. Martin et 
9 
al. (26). found .the upper (younger) .leaves contained more HCN than 
~ ' ' .. ' ., 
'"'~. ·• ". 1. 
. "· ., 
the lower (older) leaves. Also, the proximal (younger) half of 
the leaf was higher than the distal (older) leaf. The HCN content 
of the stalk decreased progreilsively downwai'd w1 th the iower (older) 
internode containing only a small quantity. 
It is a common belief that the second growth sorghum is more 
toxic than the first growth. Conflicting data have been publish-
ed by sneral workers. Kenual and Dowell (27), Willaman and West 
("3), Boyd et al. (4), Swanson (38), and Martin et al. (26) have 
all shown the second growth to contain more 1:fCN on the unit weight 
be.sis than does older plants. Hogg and Ahlgren (23) found that 
plants low in HCB in the seedling stage were even lower in the second 
growth stage, whereas the HCN content of pl .. nts which were relatively 
high doubled from the seedling to the second growth stage. Franzke 
et al. (19) found lS percent less HCN in second growth of sorghum 
than ·in the first g&r'Ol(th. 
10 
Soil Fertility 
I 
The effect of soil fertility on the HCN content of Sudangraas 
has been reported by many investigators. lfillaman and lfeat (43) 
found that heavy nitrogen fertilisation had no effect on the HCN 
content ·or· Sudangn.as unde!"'. field oondi tions, except when the 
. . 
plants showed signs of nitrogen starvation. Boyd et al. (4) tound 
that Sud~ngraas ~ic~ was · short and dark green was more dangerous 
' 
than plants which were pale or yellowish green in color. High 
available nitrogen and low available phosphorus tend to inorea·se 
the poison content 0£ the plant., but if there. i• a low auount of 
n1 trogen and a high~\.amount of phosphorus in1 the soil. the leTel 
of HCN is reduced. Alway and Trumbul (1) found that yellow stunted 
plants contained leas HCN than vigorous green growing plants in 
the same field. Pinckney (33) · stated that !.n general the per-
cent of HCN in green plants was in proportion to the nitrate used. 
the dark green plants being highest and the yellowish ·green plants 
being lowest. Brunnioh (5) .also found tb!t the a:ddition of sodium 
nitrate increased HCN. Franske et al. i19) concluded that applica-
tiona of stale •nure and phosphate reduced the HC.tl content of sorg-
hum. but that lime and nitrogen increased it. Manure, phosphate, 
and lime, however• did not produce • .• high RCN content in plants 
as did lime alone. · It can be concluded that plants grown on poor 
soil oonta.in leas than those on good soil, and tei:tilization with 
n1 tratea uarkedly increase• the peroentage ot the acid. 
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Location in. Plant 
It has been reported by aome investigators that the amotmt of 
HCN found in the leavea ia greater than that found in the stem. 
Franzke et al. (19) round that the leaves contained roughly eight 
times as much HCH as the stems of sorghum. Jinall (40) stated 
that the l•vea of sorghum plants contained greater amounts of HCN 
than the steu. Martin et al. (26) found that sorghum leaves con-
tained three to 25 times the amount or HCN a• the stalks when the 
plants were in the boot stage. Swanson (37. 38) showed that the 
leaves ot Sudangrass haTe a higher HCN content than the stalk. 
Menual et al. (27) also found more HCN in the leaves than in the 
remainder ot the plant. 
Willaman and West (~. 42) presented da""" conflicting to that 
mentioned by the above inTestigators. They found that before the 
piants were 47 days old the amount ot HCN in the stalks of Feterita 
was higher than the amount in the leaves; after that. they were 
lower. After 67 days. the stalks · contained almost no HCN. Orange 
sorgo atalks were higher than the leaves for 25 days; after that. 
the content of HON in the stalk began to decrease. These workers 
also found more HCN in the stalks of Early Amber and Southern Cane 
when the plants were _young, but as~~ plantf beoame older, the 
leaves contained' more Hell · than the stalks. 
Effe:Ot or Ctir'.ing · 
Changes in the HCN content during drying or curing processes 
have been investigated by a few workers. Dowell (13) found that 
approximately three-fourths of the aci·d was set free in the proceas 
12 
ot drying. Couch (10) concluded that dried oyanogenetic plants 
commonly contained less HCN than plants that were fresh. Church-
ill (6) stated ·that sorghum 111Ls rendered sate for feeding by curing. 
Collison (9) reported that well-cured sorghums usually could be 
eaten safely by cattle because dryi ng reduced the poisonous proper-
ties of the plant. These investigators have confirmed the common 
belief that sorghum ia sate for feeding after it has been dried. 
However. other results have shown that not all the HCN dis-
appears upon curing although the more rapidly the sorghum is 
dried the higher the percentage of acid retained. Boyd (4) found 
that Sudangrass cut and put up for hay without much exposure may 
be poisonous. Heller (22) stated that plants cut and subjected 
to hot dry conditions. which caused quick drving. lost less than 
40 percent of the poison. Swanson (37) found that Sudangrass 
dried in the shade contained less HCN than that dried in the sun. 
However, Frank&e et al. (19) found that plants cured in the sun 
were invariably lower in HCN than those cured in the shade. The 
rate at which the sorghum is cured seems to be the major factor 
determining whether or not hay is toxic. When allowed to dry 
slowly. the plants contain little or no HCN and should be safe to 
f'eed. 
It is generally recognized that injuries · to livestock through 
HCN probably never occur when sorghum is preserved as ~ns~lage. 
" However• work by Swanson (S7) showed that making Sudangrass into 
silage did not necessarily diminish the amount of HCN. l<'ranzke 
et al. (19) found in three different years that sorghum contained 
a lower amount of HCN preserved as ensilage than it did at the 
time of being ensiled. 
13 
Geographical Variations 
The tact that HCN poisoning is much leas common in the Gulf 
States than in the states farther north is generally accepted 
among those who work wi.th forage plants. Vinal). (40) reported 
that very few complaints regarding HCN poisoning- are received 
from points in the United States south of 35° north latitude. 
Just why the aorghwn plant and -its related species should be so 
much more dangerous in Kansas. Nebraska. and Eastern Colorado than 
in Eastern Texas. Louisiana. Mississippi• Alaba.na. Georgia• South 
Carolina. and Florida has never been aatiafaqtorily explained. 
The crops are widely grown in both regions. and acute dry periods 
are likewise common to both areas. Vinall gave three possible 
explanations for the fewer oases of sorghum poisoning in the 
Southeastern states which are as follows: (1) the quantity of 
glucoaide stored by the plant may be less. (2) the en%yme which 
breaks dawn the glucoside into HCN may be leas active. or (3) 
the HCN may occur in a more unstable form in sorghums grown in 
the North and West. However. more work is needed to prove or 
disapprove Vinall•s theories. 
Couch (10) also stated that livestock lo••~ from HCN poison-
ing in sorghUlllS were much less in the Southern States than in the 
states farther north. The reason tor the difference is probabiy 
climatic. but little is known about the exact cause of the form-
ation of the poiaonous acid in this case. Hogg and Ahlgren (23). 
using 10 inbred lines of Sudangrass at eight different locations. 
concluded that HCN content of Sudangrass is influenced by varia-
tions in soil and climate. Couch et al. (29) found that no cor-
relation existed between HCN oonte,rit and , temperature, rainfall, 
or altitude. Willaman and West (42) of thef Minnesota Station 
made an attempt to study the effect of climate on the HCN con-
tent of sorghum and concluded that varietal differences were a 
larger factor than climate in determining the amount of HCN in 
a sorghum plant. 
Varietal Dif'ferenc)es 
14 
Varietal differences in sorghum are probably of more import-
ance in determining the amount of HCN than are conditions of 
growth. Brunnich (5) reported two to 2.5 times as much HCN in 
"Imphee" (Sumac) aa in Early Amber sorgo. Francis (16) found 
less HCN in normal mature kafir leaves than in aecond growth 
Sugangraas. Willaman and West (43) published figures indicating 
that Feterita produced considerably more HCN than Orange sorgo. 
Later, they (42) reported figues showing that, except for plants 
33 days old, Early Amber sorgo yielded slightly less HCN than 
"SouthemCane" under Minnesota conditions. Swanson (38) found 
the following quantities of HCN in the varieties tested: Kafir 
36 mg. per 100 g. of green tissue, sorgo 21, and Sudangrass 16. 
Menaul and Dowell (~7) reported that Sudangrass contained about 
one-third as much HCN as grain sorghums. Couch et al. (11) found 
Feterita, Hegari, Chiltex, and Sumac sorgo to be high in HCN; 
Milo, Darso, Atlas· aorgo and Kansas Orang.a ~orgo intermediate; 
and Leoti aorgo, "Atrioan Millet" sorgo, and a selected strain 
of Dako~ Amber sorgo relatively low in HCN. Varieties of kafir 
showed wide variations, some being high and others low in HCN. 
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Coleman and Robertson (8) demonstrated that inbred lines of Sudan-
grass may differ in their a bill ty to produce HCN. Collison ( 9) 
of the Florida Station published an extensive comparison of t he 
HCN content of different varieties. The mate~ was collected from 
plants 12 to 24 inches. high .. Ambler sorgo was low at zero percent. 
Other varieties showed HCN increasingly higher in the following order: 
Orange sorgo 0.0008 percent, Dwarf milo 0.0016• Pink kafir 0.0016. 
Sunrise kafir 0 .0018, Darso 0 .0022, Dwarf kafir 0 .0024, Shallu 0.0026, 
Brown kaoliang 0.0031, Feterita O .<)OJ2,. Blackhull ka.fir 0.00:'33, and 
Dwarf hegari 0.0037.. These percentages were all, calculated. on the 
basia of fresh material. 
DiurnAJ. Elle& 
Diurnal variation in the HCN content of sorgbtn has been reported 
by several workers. Willaman and West (42) .f'ouni that the amount of 
HCN increased from morning to afternoon. Stakelenburg (36) concluded 
that HCN increased during the day and decreased at niRht. Rimington 
. 
(34) suggested there might be an increase in the HCN content from early 
morning to noon. I..fenual. and Dowell (6) found that the HliN content or 
Sudangrass was sorn.eiilhat higher in the morning than in -the afternoon. 
Boyd (3) obtained JO percent more HCN at 1:00 p. m. -1,_ban at 9:00 a.m. 
or 7:00 p.m. Franzke et aJ.. (19) £ound slightly less HCN i n the plant 
at 1:30 p.m. than a.t 8:00 a.m. Later he (34) observed the. greatest. 
diurnal drop in IICr! occured at the close of the day between 6: 00 and 
8:00 p.m., when photosynthetic activity was low. The most rapid diurnal 
increase in HCN occurred between 8: 00 and 10: 00 p.m. Hogg and Ahlgren 
(23) observed no variation in HCN attributabl e to the diurnal factor . 
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Animab Affected 
Horaea and Swine are not very s uscepti ble to RCN poiaoning 
beoause their a ·tomacha are 1111d e strongly acid by t heir content 
or HCl. Aooording to Ma cDonald (25) t his ECl reacts upon HCN and 
produces formic aoid. Swanson (38) reported feedi ng green Snde.n-
grasa to a horse 1fi thout any toxic effect. 
Ruminanta are more affected by cyanogenet io gluoos i des t han 
other animals because they have a large fl ora of micro-organisms 
and much e mulsin i n 'the rumen. Theae serve to release HCN from 
the gluooaide. 
Speed ~ Symptona ~ Poisoning 
Sneral investigators have reported that death m,;y occur with-
in 15 minutes after a n animal starts ea t i ng the poisonous plants. 
Boyd et al. (4) reported that cattle g.radng on St..-dangrass wh ich 
had a h i gh HCN content usually atop ea ting aft er a bout 15 mi nutes 
due to tho action of the poi son. Heller (22) stat 0 d that sometimes 
ca t tle will die in 15 minutes a f t e r ea t ing poisonous sorghum plants 
while in other caeea as much a s five h ours were required for t he 
poisonous material to have a. lethal eff oot. Peter et al. (31) 
fo und that when a cow was allowed to graze on poi.eonous sorghum 
ehe stopped eat i ng in 10 mi nut es and was dead 15 mi.nutes later . 
The: aymptoms ot HC.N poi•oning have been ~tudl ed extensively 
by Peter• et al. (31) ae well a s by several other s. 1'hey reported 
t he following •ymptoms of an animal poisoned by HCN, dropping to 
i te knees J stupor, di ffic ult breathing , a nd frequent convulsions 
which result from the action of the po i son on t he brain centers 
t hat contro l r ei s pi rati on .. Whe n t he e.n ime.l is l ying down . its head 
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is usually turned toward the abdomen as in the case of a horse 
having colic; the muscles, expecially of the nose and head, twitch; 
the pupils of the eyes are dilated and give pff a watery discharge; 
the tongue is partially paralyzed and saliva runs from the mouth; 
the limbs and ears are cold; the pulse not perceptible; and the 
mucous membrane of the rectum protrudes with involuntary discharges 
of urine aµd feoea. In the last a tages, the ' l imba are paralyzed 
and the animal becomes unconeei outh Couch (10) reported that death 
was caused by respiratory paralysis and that the heart continued to 
beat for some time after breathing had stopped. 
Lethal Dose 
Investigations indicate that the lethal amount of cyanide to 
cattle is somewhat variable. Boyd et al. (4) found that animals 
in a low state of vigor and very hungry are more apt to eat a lethal 
dose than well fed animals. He found that when certain recommend-
ations are followed no oases of poisoning have occurred. The 
recommendations as listed by the author are as follows: 
Mg. HCN per 100 
grams ery tissue 
0-25 
25-50 
60-76 
75-100 
100 
Relative degree 
of toxicity 
Very low (Safe to pasture) 
Low (Safe to pasture) 
Medi um (Doubtful to pasture) 
High (Dangprous to pasture) 
Very high (Very dangerous to 
pasture) 
Couch (10) stated that enough HCN to make an animal sick was 
usually a sufficient amount to be fatal. In one experiment, he 
found that a fatal dose of poison for a cow was somewhat in excess 
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of six grains of pure acid. A 100 pound sheep was fatally poisoned 
when fed about 1 2/3 grains. If a plant contains as little as 0.02 
percent potential HCN. and the animal consumes it all rapidly. five 
pounds of the plant would be fatal for a horse or cow, and 1.26 
pounds would kill a sheep if no factors enter~d in to prevent the 
development of the acid. MacDonald (25) stated tha.t it required 
about one gm. of HCN to kill a 1000 pound cow, but Heller (22) 
reported four-tenths of a gram would be toxic. Peters et al. (31) 
reported that 0.5 to 0.6 gram or 0.02 ounce would probably be fatal 
to a 1111.ture animal in moat oases. Vinall (40). in reTiewing the 
literature on HCN poisoning. concluded that an animal would have 
to eat 7.6 pounds of sorghum or 18.9 pounds of Sudangrass to ingest 
the 0.02 ounce considered as a lethal dose. 
Antidotes 
Numerous remedies for this poi son have been proposed bµt an 
effective safeguard against the poison is difficult to devise be-
cause of its rapid lethal effect. Glucose, dextrose, and other 
forms of sugar are known to act as antidotes to the poison. Peters 
et al. (31) and Dowell (14) presented experimental evide.nce that 
glucose and dextrose retard the liberation of HCN. They suggest 
that one way of reducing the danger of HCN poisoning is to feed 
cattle or sheep a starchy food, such as corn or grain sorghum, be-
fore allowing them to graze on the sorghum . plants. The· starch in 
. ' 
the grain yields glucose in the digestive tract and thus aids in 
preventing lethal effects. Haring (20) reconnnended an ever-ready 
antidote for HCN that was used in cyanide plants of gold mines. 
Its preparation and administration is as follows: 
(a) Solution 1---dissolve one ounce of sodium carbonate 
(washing aoda) in a pint of soft water and put in a 
long-necked quart capacity bottle. 
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(b) 
(c) 
Solution 2---dissolve 1/2 ounce of iron s ulfate (copperas) 
in a pint of water. 
Keep in a dark plaoe and when needed, mix solutioni 2 
with solution 1 and give to animal A quart is sufficient 
for one cow and 1/,2 quart for a sheep. 
Francis (16) recommended a strong solution of glucose (corn syrup 
or molasses); a dose of quick acting purgative, such as a mixture 
of Epson salts and linseed oil; and the inhalation of alllmonia • 
... 
Clawson (7) has shown that if the affected animal can be reached 
in time, a combination of sodium thiosultate and aodium nitrate 
given intravenously by a veterinarian is an effective remedy a gainst 
doses of cyanide up to three minimal lethal doses. In order for 
mos,t of these remedies to be practical, they should be given soon 
after the animal showed symptoms of poisoning because of the rapid 
action of the poison. 
·"-
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MATERIALS AND METHODS 
A atudy ot HCI determination in sorghum was conducted at the 
Oklaho• Experiment Stf\tion near Perkin• in 1952. The varietiea 
and aelections teated represent a wide range of plant material 
consisting of atandard T&rieties. aeleotiona. crosses, and introduc-
tiona. The sorghum• used were planted in three aeries of 30 row, 
each with the r0trs numbered f rom north to .south. The first 30 rows 
nade up the lfaat SeriesJ rows 31 t hrough 60 made up the Middle 
SerieaJ and the Baat Series ooneiated of rows 61 through 90 with 
a row ot Sugar Drip ~ed as a border row on both. the north and 
aouth aide or ea.oh aeries. 
From preYioua work there had been some indication that Kaviron, o 
was a genetically low type in IlCN content. For this reaaon selections 
from a cross of Early Dwarf kafir and KaTirondo were used extensiTely 
in t h is experiment. I he firat 47 rows were F3 progenies of t his 
oroas. The row number corresponded consecutively to t he selection 
number. Five aeleotiona from an F2 generation of a oroas ot Male 
Sterile (Dwarf milo .No. 51 x Kafer1ta c. I. No. 811) x {Early Dwarf 
kafir x lavirondo) were planted in rows 48 through 52 with t he 
eel-ect.ions nU11bered &I\e to five conaeeutively irl 1;h t he rows. A 
cross of a Male,· S.teril,t Dwarf' kafir and (Early Dwarf katir x Kavi-
rondo} which Wile in the F2 gon~ration aa planted in row 53. Rowe 
54 and 5.5 were planted 'to two F5 aelectiona of Early Dwarf outoroaa 
(918 x 11-21-2-1. and -6}. Early Dwart katir (918 x 71-27-2} was 
planted in row 56. .Rows 57 through 69 were aeleotiona one• two, 
and three of the cross Shallu ( 85) x Dwarf ~fuite_teterita x Earlz 
\ 
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Tillering x Early Hybrid milo-2. These selections were i n the F5 
I 
generation. Early Tillering x Early Hybrid milo-1-2 was planted 
in row 60. / 
/ 
Row 61 was a croaa otj Sha llu ( 85) x Dwarf White f eteri ta. x 
I 
Early Tillering .x Early Hybrid milo•l. Rows 62 :through ·76 were 
planted to consecutive selections one through 15 of the cross 
Highland x Early Tillering x Early Hybrid milo-1-2. Dwarf milo 
(51) x Kafir . x Darao outcros.s x Early Tillering x Early Hybrid 
milo-2.was planted in row 77. Rows 61 t hro ugh 77 were i n the F5 
generation. Dwarf Freed (971~ x Sudan-3-7-7, Early Tillering x 
Sudan-20~, Whi te..Seeded Sudan, Tift Sudan, Sweet Sudan, Grai n-
of-the-Plains, Kavirondo, Sorgh um ~-ertioilliflorum, and Rancher 
were planted in rows 78 through 86 in the order listed above. The 
East Series was completed by planting Sugar Drip in r ows 87 t hrough 
90. Each bor der row of Sugar Drip was as s i gned a number a nd t e sted 
for HCN content .at the same time as t he other material. 
The origin of the material is as follows: 
Early Dwarf kafir (918 x 71-27-2)--a select ion from a cross 
of Wheatland ~ilo C. I. No. 918 and standard Blaokhu l l kafir c. I. 
No. 71 made at the Oklahoma Experimen t Station .3 
Kavi.rondo--a forage type aorgh um from K,enya, East Africa, and 
reported safe for grazi ng under African oond'i tiona. It was one 
parent of 47 f-3 seleetio~ tested. 
Male .Sterile · (Dwarf milo Nq. 51 x fe,ri ta C. I. No. 811 )--
a male sterile selected at the .Oklah oma Exper ment t.a hon . 
Male Sterile Dwarf' ~afir-a male sterile line of Dwarf kafir 
developed at the Oklahoma Experiment Station . 
Early Dwarf kafir outcroaa (918 x 71-27-2-1)--a.nd outcross 
from the Early Dwarf katir parent used i n the Kavirondo oross. 
3. C. I. No. refers to the Cereal Investigation Number. 
s~1lu (85) x Dwarf White feterita.--a selection made at 
Stillwater. Oklahoma. in a study of Shallu C. I. No. 86 crosses. 
Early Tillering x Early Hybrid milo--,an early grassy-type 
sorghum derived from a cross ma.de at Woodward, Oklahoma. 
Highland--an early aorghum developed at the Akron Station, 
Colorado, in 1920 from Dawn kafir. 
Dwarf milo (51) x Ke.fir x Darso outcross~-fl. selection from 
a field cross of Dareo with a Dwarf milo Kafir cross which was 
made at the Oklahoma Experiment Station. 
Dwarf F~eed (971) x Sudan-3-7-7--a selection from ' a cross of 
Dwarf Freed C. I. No. 971 and Conmon Sudan made at the Woodward, 
Oklahoma, Station. 
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Early Tillering (765)-1 grasay-11~.e selection from a cross 
of White feterita c. I. No. 755 and Comnion Sudan made at Woodward, 
Oklahoma.. 
White Seeded Sudan--a white seed selection from a cross between 
White feterita and Common Sudan at Woodward, Oklahoma. 
Tift Sudan--derived by crossing Leoti and Common Sudan at the 
Tifton. Georgia, Station by Dr. Glenn Burton. 
Sweet Sudan--e. variety of Sweet Sudan introduced from Texas. 
Grain-ot-tb.e-Plains--a prolific tillering grain-type sorghum 
from Kansas. 
Sorghum verticilliflorum--a wild grass sorghum from Kenya 
Colony, East Africa, thought to be one parent of Kavirondo. 
Rancher--a low HCN selection from Black Amber sorgo made by 
c. J. Framke at the South Dakota Station. 
Sugar Drip~1 pu~e variety of SW'eet sorghum used as the check 
variety and in the series as guard rows. 
' . 
The plantings were made May 22 ,._n Norge, very fine sandy loam. 
terrace soil. A hill-drop, two-row planter which had been modified 
for' hand dropping was used. The seed were hand-dropped in single 
rows 40 feet long and 42 inohes apart. One hundred seed of each 
variety were planted in the 40 foot row. Only three plants emerged 
in rows 15 and 45~ and none in row 18. A relatively good stand was 
obtained in other rows. 
no thinning was necessary. 
weeds. 
Because or the small number of seed planted, 
Cultivation was frequent enough to control 
.. 
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The mothQd used was essentially that of Nowosad and MacVioar 
(30). The procedure was as follows: Filter paper was out into 
strips six mm. long and one mm. wide and 1aturated in a piorate 
solution which was prepared by dissolving 26 g. of Na2C03 and 
five g. of picric acid in .1000 ml. ofdistiUed water. These pre-
• ' • • I I . 
pared strips were stored away from light until ready for use. The 
plant •terial tested was tak_en t!ach time from the first fully 
developed leaf ao that unlform sampling was practiced throughout 
the ~st. A sample consisted of 20 pieces of the leaf blade, each 
1/4 inch in diameter, taken by the use of a standard hand operated 
paper punch. Eaoh sample was placed in a 21 x 70 mm. size shell 
vial and three or tour drops of chloroform were added. A strip of 
filter paper which had been previously treated with picrate solution 
was moistened with distilled water and suspended above the mixture. 
Then the filter paper was thumbtacked to the cork which also served 
The naterials used in taking samples are shown 
I 
to seal the vial. 
in Fig. 1 and 2. 
The vials with their contents were 
for 12 to 18 hours. The sodium piorate 
i 
! 
. j 
rien stored at room temperature 
I present on the filter paper 
was reduced to a reddish compound in amounts proportional to the 
·'amount of HCN evolved. The results were recorded in numbers from 
zero to six; a ~ero value was recorded when no reddish .color wa1 
shown. The nluea increased as the intensity of' 19d. increased, with 
a value of six given when the filter paper was a deep red. All 
samples tested were classified entirely by visual observations with-
out the use of a color chart or standards for comparison. The as-
signed values from zero to six were relat ive figures with no m\llllber 
specifying any definite concentration of HCN. 
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Fig. 1 - The .. terials used in taking samples in the field. 
Fig. 2 - The addition ot chloroform to green material in the vial. 
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After some data had been collected on the material by the 
picric acid test. it was deemed desirable to check the results 
by a quantitative test. The method used was that mentioned by 
Fran.&ke et al. (19). Two low. one intermediate, and three high 
varieties were a~leoted to be tested. The pioric acid test was 
run at the same time on the material which was to be tested in 
the laboratory. 
As soon as the samples were taken in the field, they were 
placed in paper bags and then in a cardboard box containing dry 
ice. The material was immediately taken to the laboratory where 
the leaves after ttl.e removal of the midr~AB were cut into small.er 
portions with a pair of scissors. The finely out leaves were 
thoroughly mixed by harid before sampling for distillation. Samples 
were immediately weighed for moisture and HCN determinations in 
order to avoid losses of moisture and HCN as far as possible. 
The percent of moisture was determined by drying the samples on 
an electrically controlled plate. 
Five or 10 gram samples of the finely cut sorghum leaves 
were macerated in a mortar with a small quantity of pure silica 
sand moistened with a few ml. of distilled water. After macera-
tion, the samples were transferred to a Kje:ldahl flask using dis-
tilled water to wash out the mortar. The flask was corked tightly 
with a large rubber stopper. The macerated1 sorghum in the tightly 
stoppered Kjeld•hl flask was allowed to dig~st ~ver night at room 
temperature. Ten ·1ml. of 0.05 N silver nitrate (AgN03), one ml. 
of' nitric aoid (HC()3) and 50 cc. of distilled water were added to 
a receiving flask. The HCN was distilled on the ordinary Kjeldahl 
distilling apparatus into the receiving flask4 
,.,/ 
26 
The precipitate of silver cyanide was separated from the 
solution in the receiving flask by filtration. The silver nitrate 
remaining in solution was determined by titration with a 0.05 
standard potassium thiocynate solution • . using ferric alum as an 
indicator. The percent of ffCN was caloµlated from the titration 
to a moisture-free basis and also converted to parts per million 
(p.p.m.) by an appropriate factor. 
The efficiency of the picric acid test was checked through-
out the growing aeason by comparing samples ,of corn with those of 
sorghum, 20 punches of plant material with 10 punches, macerated 
samples with non-macerated samples, and water with chloroform. 
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CLIMATIC DATA 
A relatively wet spring preceding the growing season at 
Perkins in 1952 made optimum soil conditions for seed germination 
and growth. After planting was completed on May 22, a light rain 
fell with a heavier rain on Vay 23· (Table 1). June was an abnorm-
ally dry month with only 1.62 inches of rainfall being recorded. 
The sorghums were naking no growth and showed some signs of burn-
ing until 4.11 inches of rain fell in July. A below average rain-
fall of 2.92 inches was recorded in August with only .48 inches 
received in September. Because of the very dry June, oonditions 
for plant growth were at a record low. 
The mean temperature for the month of June was 76.9°F. in 
comparison to s1.3°F. for a 22 year average (1931-1952 incl.). 
The temperature mean for the other months followed along the 
same trend as the long time temperature mean (Table 2). The 
maximum temperature of the growing season was recorded as 104°F. 
in August and the minimum temperature was 26°F in April. 
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Table 1.--Daily moisture preeipa t ion at Perkins, Oklahoma, January 1, 
1952, to September 30, 1952. 
J.952 
l 
2 
3. 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Jan. 
.23 
Feb. Mar. 
.07 
.26 
Tr. 
• 03 
• 55 
.37 
.35 
.37 
.02 
1.01 
.s8 
Tr. 
• 71 
Tr. 
Tr • 
April May 
.17 
.09 
.24 .01 
.21 
Tr.• 
Tr1• 
1.51 
.02 
.22 
.57 
.16 
.23 .26 
1.04 
Tr. 
June July Aug. 
.28 .10 
.06 
.93 
1.30 
.13 
.05 
2.24 
.06 
.40 
.oa 
.57 
.19 
1.11 
.03 
.30 
.48 
Sept. 
.48 
Tr • 
~------------------------------------------------------------------------26 
27 
28 
29 
30 
.06 
.03 
.03 .16 
------------------------------------------------------------------------31 .01 
----------------------------------~--------------------------------------
Totals .so 1.28 3.27 1.83 3.02 l. 61 4.11 2.92 .48 
• Traoe of moisture. 
,, 
Table 2.--Summary of precipitation data by months at the Perkins Agronomy Farm. Also, precipitation and temperature 
data for Stillwater, Oklahoma, 1952. 
Seasonal 
· Year Jan. Feb. Mar. April May June July Aug. Sept. Oot. Nov. Dec. Apr. -Sept. Annual 
.! 
Preoipitation - Perkins A~ronomr Farm 
1952 .so 1.26 3.~7 1.83 3.02 1.61 4.11 2.92 .46 .oo 2.04 .97 13.97 22.33 
Sum 1931-61 28.59 26.91 36.9~2 72.55 n .oo 94.11 57.15 69.45 79.30 50.26 42.95 30.0l 469.56 592.77 
Av. (21 yrs.) 1.36 1.75 3.45 4.62 4.48 2.12 3.31 3.76 2.39 2.05 1.43 22.36 28.23 
Preoipi tatiqn - ~Stillwater, Oklahoma. U. s. Weather Bureau 
I 
1952 .77 1.09 3.01 2.22 2.52 2.4Q 3.50 4.93 .68 .oo 2.23 1.01 16.30 24 •. 47 
Dep. from 
Normal -.36 -.16 .82 -1.59 -2.25 -1.64 .47 1.10 -2.84 -2.98 .oo -.38 -6.16 -9.23 
Normal 1.13 1.27 2.19 3.81 4.77 4:.09 3.03 3.23 3.52 2.98 2.23 1.46 22.45 33.70 
Temperature - Stillwater, Oklahoma. U. S Weather Bureau 
1962 
Max. 78° 720 76° 85° 90° 100° 100° }04° IG0° 96° 84° 68° 104° 104° 
Min. 12° 23° 16° 26° 36° 59° 56° 66° 45° 24° 15° 16° 26° 12° 
Mean 43.7 45.6 46.4 55.9 67.9 81.3 80.7 83.2 73.6 58.2 41.9 36.2 73.8 60.2 
New Mean 36.9 40.0 50.2 59.8 67.9 76.9 81.4 81.3 74.6 61.8 49.2 38.B 73. 5 59.8 
N 
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RESULTS AND CONCLUSIONS 
. The first samples were taken on July 2, 1952, from the West 
Series. At that time the plants were not making any noticeable 
growth because of the extremely dry weather preceding the. t date. 
The plants were tagged as to the date sampled. The samples re-
ceived relative values ranging from ·one to fi-ve (Table 3). 
When the Middle aeries and rows 79 thro~gh 86 in the East 
series were checked on ..Luly 3, White-Seeded Sudangrass showed no 
HCN content but several rows of' other sorghUJll8 received number 
five rating. (Table 4). 
The complete East s~ries was checked on July 4, when several 
rows showed no HCN content (Table 5), All three series received 
'bwo more complete checks at intervals, and rows 79 through 86 were 
sampled each time, regardless of the series being checked. 
The last row check was taken on July 12, at which point 
enough data had been collected to determine those rows which 
showed a trend toward high HCN content and undesirable agronomic 
characters. All the selections and rows except 12, 15, 26, 35, 
38, 45, 51, 60, 61, 79, 80, 84, 85, and 86 were eliminated after 
this date. 
When several plants within selected rows were sampled on 
July 21, selections number 15 and 45 and row 79 were found to be 
intermediate in HCN content and were not t.ested any more. White-
Seeded Sudan, row 80, and Rancher, row 86, showed consistently 
low HCN from the July 3 up to the July 21 testing. Kavirondo, 
row 84, showed a definite trend toward high HCN content but was 
not omitted because or desirable breeding charaot.ers. 
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Table 3. Cyanide content of plants in rows of the West Series 
with O indicating no cyanide and 6 indicating the 
highest concentration of cyanide. 
Row 7-2 
Date (month and dal) 
7-5 · 7-9 . 7-2 7-29 
Sugar Drip l . 1 '.• a 3 l ~ 
l 1 3 4 . 4 
2 4 2 4 T 5 
3 5 2 3 
4 5 5 3 
5 3 5 3 
6 4 6 2 
7 3 2 1 
8 2 2 3 
9 5 4 5 
10 3 · 2 3 ~ 11 2 3 1 12 4 5 5 13 3 5 4 
-[ 14 4 4 5 15 5 4 4 
16 5 5 4 
17 5 3 4 
18 
19 5 6 4 
20 5 4 l 
21 3 5 2 
22 4 2 l 
23 4 5 5 
24 2 4 0 
25 6 4 4 
-IT 26 5 6 4 27 6 6 4 
28 1 3 2 
29 5 4 4 
30 4 l 3 
Sugar Drip 2 4 2 4 0 0 
8-6 
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Table 4.--Cyanide cont ent of plants in rows of t he Middle Series 
with O indica t i ng no cya ni de and 6 indica t i ng the h i gh -
est oonoentration of cyanide. 
Row 7-3 7-7 7-8 7-10 7-11 7-21 7-23 7-29 8-6 
Date (month and day) 
Sugar ?rip 3 1 1 0 1 
31 4 5 4 
32 4 4 4 3 
33 4 4 4 5 
-ti 34 4 4 5 4 35 5 6 5 4 36 4 5 2 2 
37 6 6 3 l 
38 2 l 5 3 
39 3 3 4 i 
40 5 2 4 2 
41 3 4 0 · o 
42 l 
43 0 
44 
-{ 4 45 4 6 1 1 
46 1 
47 5 3 2 5 l 
48 5 5 3 
49 3 3 4 
50 4 4 3 
61 6 6 6 1 52 3 2 2 53 2 2 2 54 4 
" 
5 
55 5 3 2 
56 5 5 4 
57 1 0 2 1·· _] 58 2 0 1 59 2 0 2 60 4 6 5 
Sugar Drip 4 1 2 4 5 
Table 5.--Cyanide content of plants in rows of the Eas t Series with O indicat ing no cyanide and 6 
indicating the highest concentration of cyanide. 
nite (month and da J ~L 
1-2 7-3 7-4 7-6 7-7 7-8 7-9 7-10 7-11 7-12 7-21 7•22 7•23 S-6 8-15 8- 5 
Sugar Drip 5 3 1 2 1 1 3 0 3 1 2 4 3 
61 2 1 1 3 ~ 62 0 0 3 3 0 
63 l 5 2 3 0 
64 4 2 s 0 0 
65 0 4 4 2 0 
66 5 1 4 2 1 
67 2 4 1 2 0 
68 3 0 2 2 0 
69 5 3 0 1 1 
70 4 0 2 3 
71 4 2 4 2 
72. 3 4 0 
73 1 2 l 0 6 
74 2 5 1 3 
15 2 4 2 3 1 
76 4 2 3 4 2 
77 6 5 1 2 2 
78 4 l 3 4 3 
79 4 4 3 3 3 :5 Ji 3 0 ~~~ 80 0 2- 0 1 0 l l l 0 
-t 81 3 1 0 3 0 4 2 3 4 
--1!~-l!J 82 2 0 1 1 3 2 3 3 3 83 1 5 0 1 0 l 1 0 1 __f , 84 4 3 0 l 5 3 5 3 5 4 
85 3 3 0 6 3 5 4 4 5 
-l -{ li1 ,i,Q 86 1 l 0 1 2 l 0 0 0 l ~ s~ I:>rip 6 2 l l l l 2 2 3 1 1 
-~~-------
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All 10 samples taken on July 22, from row 61, a seleotion 
which possessed the desirable oharaoter of tan plant color, 
showed a low HCN content. 
Selection number 38 and rows 84 and 85 were checked on July 
23. The results obtained from the 20 plants tested from selection 
number 38 were very erratic,. and this row was discarded. The 
samples from Kavirondo, row 84, and Sorghum verticilliflorum, 
row 85, showed the same trend toward high content of HCN as ob-
served in the earlier samples. 
or the samples taken on July 29, from aelectiona 12,. 26, 
and 35 and rows 51 and 60,. all but selection 12,. ~ Kavirondo 
appearing plant, and row 60, and early, tillering sorghum,. were 
discarded because of their continued exhibition of high HCN content. 
Of the six varieties aubj'ee.ted: to a quantitative test in the 
laboratory on August 6, and compared to the readings obtained fi,om 
the pioric acid teat {Table 6), the same general trend was noted 
be'breen the two tests. White-Seeded Sudan had the lowest value 
assigned from the pioric acid test and sero p.p.m. of HCN from the 
quantitative test, and row 60 received the highest rating from 
both tests. The picric acid t.est showed to be effective in the 
selection of lines low in f.ICN but did not give consistent results 
in high HCN selections. 
When White-Seeded Sudan, Kavirondo, and Sorghum vertioilli-
florum \\-ere tested again on July' 15 and 25 1 t.11.e se.rue relative 
results were obtained as previously recorded. 
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The \-Jhite-Seeded Sudan (Fig. 3) proved to be constantly low and 
almost always free of HCN. Row 61 (Fig. 4), an early dwarf, 
tillering, tan colored selection, and row 86., Rancher (Fig. 5), 
were the next lowest throughout the test. Sugar Drip (Fig. 5) 
was an intermediate variety in HCN content. Rows 84, Kavirondo, and 
85, Sorghum verticillinorum (Fig. 6) both proved· to be relatively 
high throughout t he test. .. 
When com was sampled to check the accuracy of the picric acid 
t est, no red color was shown on the filter paper. 
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Table 6.--Comparative reaulta obtained from a quantitative a nalysis 
and the picric acid tea,t. , 
Piario 
.aoid teat 
Quant1tat1Te teat 
Number Percent Heit p.p.m. HCN p.p.m. Relative 
Raw No. lea Tea dry green dry oolor 
'teat..d .. 1ght weight ••gbt value 
80 30 36.SO 0 0 
61 38 35.33 183 617 1 
Sugar Drip 23 32.68 372 1131 
12 24 32.68 622 1647 4 
84 18 S0.61 ' 599 1964 6 
60 ,o 35.24 1298 3684 6 
,~ -
Fig. 3. - Row 80, White-Seeded Sudan, 
'Whioh waa oon1istently low 
and usually free from HOU. 
~ , .. 
Fig. 4. - Row 61, an early, tillering 
sorghum, whioh was relative-
ly low in HCN throughout 
the tests. ~ ~ 
• ~~=-··=~~! ~ - ,.,_,,.._ ··-· . 
Fig. 5. ~ Raft-Row 86, Rancher, a low HCN 
· variety from South Dakota. 
Right-Sugar Drip used as border 
row. 
Fig. 6. - Left-Row, Kavirondo, high in HCN 
content" Right-Row 86, Sorghum verti-
cilliflorum, a wild type sorghum high 
in HCN content. 
CA 
CD 
39 
SUMMARY 
This projeot was conducted in 1952 at the Oklahoma Agricultural 
Experiment Station at Perk i ns. Oklahoma, in ~n attempt to find a 
sorghum '1'1Lrietywhioh is very low or free of HCB and to check the 
eftioienoy of the piori'o acid teat in dete~ning the presence of 
H.CB_ in -aorghwa. 
The bulk of the material tested conaiat,'d of croaaes involving 
Kayirondo; because reports from Afrioe, its place of origin, in-
dicated that this Tariety was a law -HCN type. 
The following limited conclusions., which may be modified by 
tuture resul ta., were drawn: 
1. The picrio aoid test gave the same general results wh~~ 
compared to a quanti tat1T8 _ test run in the laboratory. 
2. White-Seeded Sudan was very low or b"ee from HCN. 
3. Row 61, a tan, early, tillering selection, and Ranoher 
were relatively law in IlCB content. These two selections have 
future possibilities as breeding material. 
4. Kavirondo and Sorghum verticilliflor1um were constantly 
high although they had been expected to be relatively low. 
5. Corn showed no HCN oontent. 
6. Erratic results were obtained from comparisons of 20 
punches of leaf with 10 punohes and from macerated with non-
macerated plant material. No indication of the desirable number 
or punches resulted nor was a definite preference of macerated 
over non-macerated plant material shown. 
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7. Water can not be aubsti tuted ,·tor chloroform in the pie-
ric acid test. 
a. Color standards of known concentration with which to com-
pare the colored filter paper would greatly incr'ease th.e value of 
the picric acid test. The numbers from zero to six, which were 
assigned the sample•~ could then be associated with a definite 
HCN concentration. 
9. The pioric acid test was sufficiently accurate only for 
the selection of plants very low in HCN. 
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